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Type 1 Reverse Transcriptase (Y318F) Associated with Nonnucleoside 
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The Y318F substitution in tj» 3' rcgton of human immnnodeficfwiey virus lype 1 (HIV- 1) reverse traoscrip- 
laae (RT) has been linked to nonouvlwsWc KT inhibitor (NNRTI) resiswnc* in vitro. A systematic search of 
* Urg* ph*nmyv*^uo|rypic database (Virco) linked the Y318F substitution with a >l0-fold decease in 
NNRTI MtoccpUbiiiiy in >85#> of clinically derived isolates. There was a significant association between Y31SF 
and u>e of ddatfidiue (/* = 10"") and nevirapfc* (P = 10~ 6 ) but not e&virenz (f* = 0-3). Sile-dirvcttd HIV-1 
Y318F tnutani* in *n IJXB2 background displayed 42-fold-decreased susceptibility lo delavirdine but <3-fuld- 
decreased susceptibility u> acvkapme or egavirenz. Combinations of Y318F with K1Q3N, Y18JC, or both 
resulted in decreased efevirtnz susceptibility of 43-, 33-, «nd 84-fold, respectively, a* well as >10G- and 
> 60-fold decreases in debuirdine and nevirapiue »u>c<>ptibsljry, respectively. The** ivmiUa iudlcate (be im- 
portance of ibt Y318F substitution in HlY-1 drug resistance. 



The nonnucleoside reverse transcriptase muiDitors (NNR- 
Tls) arc poicm aud sekcuve injubiiors of human immunode- 
ficiency virus lypc I (HIV-1) replication. Tte*c are used m 
combination witb oiber antireirovira! agents in toe treatment 
of HIV infection, partly due to ibc tnic of selection of NNRTl- 
resistant viruses (6). NNRTIs currently in clinical use (nevi- 
rapine [NVP], delavirdme pLV], and efuvlrenz l£FV|) in- 
hibit at least partially overlapping geaoiypic resistance 
patterns, often resulting from selection of the K103N substi- 
tution m tbu HIV-1 reverse transcriptase (RT) (1). Additional 
mutations are also commonly selected. Phenorypic ana/or ge- 
notypic testing for HIV-1 drug resistance is now recommended 
in a variety ot oreumsiancx-* (8). 

Tne RT mutation P236L has been linked to high-level in 
vitro resistance to Dl_V mil noi other NNRTIs (4), In respon» 
to DLV monotherapy, however, the K103N and Y1S1C mula- 
tious devejoped rapidly while the P236L mutation was only 
rarely observed (3). Gcnotypic analyses of HIV-1 RT from 
pauems failing EFV combmatiou therapy revealed the accu- 
mulauon of viruses with multiple Imked NNRTI mutations 
following the emergence of KIQ3N muiant viruses (1), suggest- 
ing the presence of drug selection pressure even after ibe 
emergence of K103N. Despite the lu^b degrw: of cross-resis- 
tance among NNRTb, a separate study reponed that nearly 
one-third of resistant isolates carrying the smgle NNRTf-resis- 
tani^»associaied YlSiC mulalion remained susceptible to 
EFV (2), suggesting that additional uncharaeterized mutation^ 
may play a role in NNRTI resistance. 

Art RT strucmr^-function study oy Pelemans ei al. (13J f 
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which used site-diroctcd mutagenesis to investigate HIV-1 RT 
codon Y318 (which forms a part of the lipophilic NNRTI- 
binding pocket), found that Y31SW and Y318F mutants main- 
tained substantial RT activity and exhibited some degree of 
resistance to NNRTTs in vitro. This region is not included in 
many genotypic or phenorypic resistance assays and it remains 
lo be seen whether mutalions at RT codon 318 could be se- 
lected *n vivo (13) 

fn our study, the prevalence of mutations at oooon 318 was 
examined in two large, clinically derived databases: Vuco 
(Mechelcn, Belgium) and the British Columbia Centre for 
Excellence in HIV/AIDS (Vancouver, Canada). The V»rco da- 
tabase centaurs >20,GO0 matched drug resistance phenotypes 
and genotypes obiamed during routine drug susceptibility test- 
ing, wan the samples in this study originating mainly from the 
United States and Europe Although treatment history is gen- 
erally not availablc-for these samples (due to th« nature of the 
services), it may be assumed that most aamplcs are derived 
from treatment-experienced uidividuiils. 

Patient sample* with known treatment motorics were de- 
rived from the B.C. Centre for t^cellencc in HTV/AIDS (B-C 
Centre) Drug Treatment Program, which distributes antiret- 
roviral drugs free of charge to all eligible HIV-infeaeo indi- 
viduals in British Columbia. In addition, the 8 C. Centre pro- 
vides genotypic resistance testing for HI V-mfccted individuals 
in British Columbia as well as the rest of Canada. The B-C. 
Centre database contains genotype* from >7,U00 patient iso- 
lates, as well as therapy history. There is a small overlap (<500 
samples) between the Virco and B-C. Centre d»i abases. 

HIV-1 UNA extraction, RT-PCR, and genotypmg were per- 
formed as previously described (7, 11, 12). Phenorypic drug 
susceptibility anajysjs was performed using a recouib+nanx virus 
assay (10) (Virco, Mcchelen. Belgium) with modifications as 
described previously (R Pauweis, K- ficnogs, B, A Larder, ci 
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Pia- 1- J-ug-fuld cha^ige *n NNRTI phcnorypic re*;*TanM; v> FFV, DI.V and NVP in clinical aiimplsrS hactoOfiOfi ihc Y31SF mutation. Th c 
median log-Ioju ctwnge is indicated by the fcowcwttU bar, ami The wierquamfc range (iQR) i* indicated by the vertical shaded Jim?. Sli$hx 
oafwactfs in sampte 5izc for each arog arc due ro the fact thai not ev^ry isolate was successfully phenorypod tor each uf tlw drugs. 



aj , Abstr. 2nd Int Workshop HIV Drug Resist, Treatment 
Strategies, abstr 51, 1998), Results are expressed as the geo- 
metric mean fold increase to the 50% inhibitory concentration 
XCfQ of rhc sample (Or Site-directed mutant) compared to re- 
salts wnn a wUd-rypo control (HIV UIB) run at the same Ume, 
For information purpose*, the mean ICso* for the wild-type 
IHB control for samples with 318F were Q.Q2 x 0.008 for 
NVP, U0U7 = 0.003 for DLV, and 0.0007 2: 0.0002 for 
EFV 

A systematic search of the Virco database (coiiisunmg 
>20 J 000 genotypes and phenotypes) revealed that 479 isolate* 
(1.3%) harbored the Y318F mutation. The Y318F mutation 
was 7.5 times more common man P236L In contrast, no ex- 
amples of Y318VY wurc observed. The presence of Y318F, 
irrespective of other notations, was associated with a >X0-fom 
decrease m susceptibility to EFV, DLV, or NVP in 87, 98, and 
V$% of casus, reapt-ciivcjy. In addition, the geometric mean 
fold changes in phenotypie susceptibilities 10 EFV. DLV, and 
NVP tor recombinant viruses harboring Y31SF were signifi- 
cant and dramatic compared to results with wild-type controls 
{Fig, 1). 

Tbv Y318F mutation was usually observed in association 
with other recognized KKRTT resistance mutations For exam- 
ple, 79% of isolates witti the Y31SF also had K103N, wliile 
21% had eitn*r Y181C, YI8U, or Yl«lV and 2<fc had P236L. 
(Many recombinant viruses had multiple mutations, so ih& 
total is greater than 100%). Conversely, 14% of all the sample* 
>wjth the P236L mutation - 64) also had Y318f, compared 
to 4% of samples witn K103N (n - 10,113) and 2% of samples 
with either a YlSlC, Y1S11, or Y181V mutation (n = 5885) 

a »arch of the B.C. Centre datapasu, containing a substan- 
tially independent panel of HTV-1 isolates from amirctroviral 
drug-treated individuals in British Columbia, Canada (Fig 2), 
revealed mat 138 of 7,611 sample (1.8%) harbored ihe Y31SF 
mutation Y318F appeared at ~2-fold-lower prevalence than 
ihe NNRTI-associated muialions U00I. VlQoA, and V108I, a 



5- to l0-fold-lo*er prevalence than the K103N and Y181C/I 
mutation*, and a 6-times-nigher prevalence Than the P236L 
mutation previously associated with DLV resistance (Fig- 2). 

Current therapy information was available for 5,680 Of 7,61 1 
Canadian samples (74.6%). Of these, 110 samples harbored 
the Y318F mutation (1.996). Of the samples with Y318F, 36, 
25, and 22% originated from patients wno *cre receiving 
DLV, EFV, and NVP. respectively, at the lime of the geno- 
typmg request (rarely, patients may have been concurrently 
prescribed more than one NNRTI) Although 34% of patients 
were not prescribed any NNRTTs at time of the genotype 
request, complete therapy lustory data were not available in an 
cases, and at least some of these patients may have been 
previously prescribed NNRTE. Of the 15 specimens originat- 
ing from patients whose complete tnerapy histories were avail- 
able. 3 nad been previously exposed to all three NNRTIs, 3 had 
previously been prescribed EFV and NVp, 1 had tx;cn previ- 
ously prescribed DLV and NVP. and 8 had never been pre- 
scribed any NNRTI before the genotype request date. Chi- 
squarc analysis of these 5,680 isolate revealed a highly 
statistically Significant association between the Y318F muta- 
tion and DLV use (P - 10" 11 ), a slightly sraailcr association 
between Y31SF and NVP use (P - 10"*). and no correlation 
with EFV use {P = 0 3), 

To confirm tne effect of the Y318F mutation on decreased 
drug auscepr*&iliry, mutations in the RT-uoding region were 
generated by site-directed mutagenesis of a wild-type HXE2-D 
£ctfRI-iVl restnaion enzyme fragment encompassing the 
HIV-l ptA gene and cloned imo pGEM3 (Proraega). Single 
and mulliplt nucleotide cnanges were introduced into RT wuh 
the QuitChaqgc site-diretted mutagenesis kit (Straiagene) 
All mutant clones were verified by DNA sequence analysis of 
the RT to codon 400, PGR fragments were prepared from the 
mutated clones, the altered RT-coding regions were trans- 
ferred into the HIV-l HXB2-D genetic background by homol- 
ogous recombination, and the susceptibility to nonnuclcoside 



PAGE 43/63 * RCVD AT 5/24/2004 4:55:30 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1f2 ' DNIS:8729306 * CSID: * DURATION (mm-ss):19-42 



May-24-2004 02:13pm F rora-WOODCOCK WASHBURN KURTZ MACKIEWICZ 



T-833 P. 041/050 F-235 



NOTES 



J, ViKOU 




100 lOl 1» W 

POSITION IN HIV REVERSE TRANSCRIPTASE 

FICt 2 Tne frequency of icsisiaooc muiauon* comnwnly associated wuh NNRT1 reliant* in a iargf panel of HlV-mfcc-ted, aniirotrwiral 
drug-U^ica CunadL parous (n = 76li). MutiOiuw pteferoied include inc following LlOOI, KlOlF/Q, K103N, V106A, Vl08I F Y181C/I. Y18SC, 
Gi90S/a/F> P225H, P236L, and Y31SF in lite HIV-1 RT. 



RT inhibitors was determined as described above, Reported 
values represent luc geometric mean of two independent as- 
says. 

Tiit alteration of Y31SF aiotH* in HIV-1 HXB2 by sne- 
directed mutagenesis wa* sufficient to confer a 42-tbld change 
in suttwpubllity to DLV, a level similar to Uiat conferred by 
either the Yl&lC or the K103N mutation (Tabic lj. Any of 
tijusc mutations present as double or triple combinations were 
sufficient to center greater than 100-fold decreases in DLV 
susceptibihiy, the highest value a&essed in the assay. Nciihcr 
Y318F nor Y181C conferred a discernible impact on hfV 
susceptibility alone Howtsver, the presence of the V3J8F mu- 
tation resulted in a modest decrease in EFV susceptibility 
(3.3-foJd) when present m combination with Y181C. The ad- 
dition of Y318F to a viral backgrouna with the K103N muta- 
tion rcbultcd in a dramatic decrease in E1V susceptibility, 
from 15-foJd for the K103N to 43-fold for the combination. 
This decrease waa greater than thai conferred by the KI03N/ 
Y181C combination The triple combination K1Q3N/Y181C/ 
Y3J8F decreased EFV susceptituhty 84-fold (Table 1), The 
Y318F mutation alone conferred a threefold decrease In sus- 
ceptibility to NVP when present alone, but further effects on 
NVP resistance to old uot be assessed because all combinations 
wen: greater than the 6U-fold upper limit which could be mea- 
sured m the a*say (Table 1). DLV susceptibility of the Y318F 
site-directed mutant was proadly similar to that reported by 
pekraans ci aJ. (13). altliough the level of NVP resistance 
oteervud here was slightly lower (they did nol examine EFV or 
the effects of multiple NNRTt mutations) 

The highly conserved wild-type re&iduc Y318 forms pan of 
the NNRTI^pecific bmdmg poctcet of the HIV-1 RT (Fig. 3), 
and a structural rational kail on of tne effect of the Y3JSF 
mutation on DLV Dindtng may be proposed. Tlie X-ray crystal 



structure of HIV-1 RT m complex with DLV has been deter- 
mined to a 2.65 -A resolution (5), revealing detailed uiforma- 
tjou about the nature of its interactions with HJV-1 RT. DLV 
protrudes from the NNRTt pocket and makes a number of 
protein contacts that arc distinct from those of other NNRTb, 
including interactions with P236. The indole ring of DLV 
makes a number of van der Waals interactions with the side 
chain of P236, consistent with inhibition data that show thai 
the RT mutation P235L results in a 70-foid reduction in DLV 
susceptibility (4). An adjacent residue, 11235, forms an inter- 
action via iis main chain carDouyl with the aide chain hydroxy! 
of Y518 (Fig- 3). The Y318F substitution would result in the 
loss of ihis hydrogen bond, winch in turn could introduce more 
flexibility into the loop and reduce tne interaction of the DLV 
mdole ring with It is. Known thai the region containing 



TABLE 1, NNRTI hU^pciBUu1« of HIV-1 variant* coniitrticted 
by i4te-uir«e[cd mutagenesis 
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" MwUltCwa wefu introduced in HIV-1 RT t>y a .tt:-4ircc»d muiag«rw4is ana 
feti taumni RT ir«nsf«wO mW the HXB2-D wiid-cypc ouckgrQuad Tiic 
nrtc^pnbntti«s to the ihroc NNRTU *erc n>w-T-^ c au^Tibcd in ihc xe*U Tlw 
dm* r^prcsfcmr the gcoiBuric mvxa for jw3tipt_'ftdcni assayv In suuw cases 
(indicate J by ">") observed fold changr* rtcwOed tlus nuuonium tfwi cuuld tw 
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FIG 3 Stcitci image snowing itic nwjor amino »c»ds forming ite NNRTT lipophilic pocket, m tbc crystal structure of xhe HIV- 1 reverse 
irdniCripia»o-aciaviK(mc complex Note thai ihc funcuoiwi groups of ihc wild-rypc Y31.S a«a H233 residues form » hydrogen bono in aosc 
pruxinuiy lo DLV. Thw ttytlrogtrp bund may play a pari m DI-V binding. 



P236 is flexjmc and can adopt a number of different confor- 
mations (9) Unluxe OJ-V, NVT docs not Interact wiin P236. 
Alt&oug&NVP has h van aer Waal* contact with the C2 atom 
of the Y31& side chain (J4, 16), this interaction would be 
uoattected by tlit Y318F mutation EFV has no doser ap- 
proach 10 the Y3i8 side chain than 4,2 A and only a woalc 
interaction witb the side chain of F236 (15). 

Regardless of the molecular mechanism, the data presented 
here indicate thai a mutation m the 3' region of HI\M RT 
(Y3i8f) is sufficient to confer high-level resistance to DLV 
andean Increase £FV ana NVP resistance in combination with 
other common NNRTI mutations The Y318F mutation was 
observed ia a significant proportion of clinically derived HIV-1 
isolates and appears to oc selected during NNRTi tncrapy. 
These results suggest that mis region should be considered for 
incorporation in routine genotype and phenoiype assays for 
NNRTI reSiStance. 
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